Monitoring in vitro antibacterial efficacy of 26 Indian spices against multidrug resistant urinary tract infecting bacteria  by Rath, Sibanarayan & Padhy, Rabindra N.
OM
I
t
S
C
B
a
A
R
R
1
A
A
K
a
I
m
u
U
h
2
(integr med res 3 ( 2 0 1 4 ) 133–141
Available online at www.sciencedirect.com
Integrative Medicine Research
journa l homepage: www. imr- journa l .com
riginal Article
onitoring in vitro antibacterial efﬁcacy of 26
ndian spices against multidrug resistant urinary
ract infecting bacteria
ibanarayan Rath, Rabindra N. Padhy ∗
entral Research Laboratory, Institute of Medical Sciences (IMS) & Sum Hospital, Siksha ‘O’ Anusandhan University,
hubaneswar, Odisha, India
r t i c l e i n f o
rticle history:
eceived 12 February 2014
eceived in revised form
2 April 2014
ccepted 24 April 2014
vailable online 6 May 2014
eywords:
ntibacterial activity
ndian spices
ultidrug resistance
ropathogenic bacteria
a b s t r a c t
Background: To screen methanolic extracts of 26 commonly used Indian spices against nine
species of uropathogenic bacteria (Enterococcus faecalis, Staphylococcus aureus, Acinetobacter
baumannii, Citrobacter freundii, Enterobacter aerogenes, Escherichia coli, Klebsiella pneumoniae, Pro-
teus mirabilis, and Pseudomonas aeruginosa), isolated from clinical samples of a tertiary care
hospital for antibacterial activity.
Methods: Bacterial strains were subjected to antibiotic sensitivity testing by Kirby–Bauer’s
disc diffusion method. Monitoring antibacterial potentiality of spice extracts was done by
the agar-well diffusionmethodwithmultidrug resistant (MDR) strains of nine uropathogens.
Results: The Gram-positive (GP) bacteria E. faecalis and S. aureus were resistant to 16 of the
21 antibiotics used. Among the Gram-negative (GN) bacteria, resistant patterns were A. bau-
mannii and E. aerogenes to 12, C. freundii to 14, E. coli to 12, K. pneumoniae to 10, P. mirabilis
to 11, and P. aeruginosa to 15 antibiotics of the 18 antibiotics used. The most effective 15
spices, having at least 25–29mm as the size of the zone of inhibition, were Allium cepa,
Brassica juncea, Cinnamomum tamala, Cinnamomum zeylanicum, Coriandrum sativum, Cuminum
cyminum, Curcuma longa, Mentha spicata, Murraya koenigii, Nigella sativa, Papaver somniferum,
Piper nigrum, S. aromaticum, Trachyspermum ammi, and Trigonella foenum for at least one of
the GP or GN MDR bacterial strains used. Moderate control capacity was registered by nine
spices, Curcuma amada, Foeniculum vulgare, Illicium verum, Mentha spicata, Papaver somniferum,
Syzygium aromaticum, Trachyspermum ammi, Trigonella foenum, and Zingiber ofﬁcinale. However,
the best two spices for controlling all the pathogens used were C. zeylanicum and C. longa,
with the highest value of 29mm as the inhibition zone size.
Conclusion: The most effective and unique 16 spice plants recorded for the in vitro control ofMDR uropathogens could further be pursued for the development of complementary and
supplementary medicine against MDR bacteria.© 2014 Korea Institute o
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Fig. 1 – Escherichia coli on nutrient agar.134
1. Introduction
Several bacteria and fungi are causative organisms in uri-
nary tract infections (UTIs), which may occur in more than
50% of the population and are more commonly reported in
females. In medical practice, UTI is one of the few common
laboratory-conﬁrmed bacterial infections, with an inherent
limitation of the requirement of at least 3–4 days for the results
of antibiotic sensitivity patterns to yield the causative bac-
teria in a urine sample.1–3 Because of the lower abdominal
radiating pain and the subsequent inability to carry out nor-
mal routine activities, empirical therapy is started according to
the antibiotic stewardship program. The administered antibi-
otic often controls the disease; however, when there is an
infection from a multidrug resistant (MDR) bacterium, more
often than not the infection progresses to cystitis and then
to pyelonephritis.4 Apprehensive of this difﬁculty, a clinician
inadvertently prescribes a broad-spectrumantibiotic, possibly
of a higher generation,which insidiously induces resistance to
the sameantibiotic in the intendedpathogenand/ornontarget
commensals.
The following organisms were reported at this hospital
as UTI-causing bacteria: two Gram-positives (GPs), Staphy-
lococcus aureus and Enterococcus faecalis, as well as nine
Gram-negatives (GNs), Acinetobacter baumannii, Citrobacter fre-
undii, Escherichia coli, Enterobacter aerogenes, Klebsiella oxytoca,
Klebsiella pneumoniae, Proteus mirabilis, Proteus vulgaris, and
Pseudomonas aeruginosa.1–3 Among these, two species, E. coli
(19.5%) and S. aureus (15.3%), were the most prevalent bacteria
in the hospital according to surveillance over the 18-month
study period; the other species were present in remarkable
but lesser proportions of prevalence compared to E. coli and S.
aureus.2 In a recent survey on community acquired (CA) UTI
cases, E. coli (19%) and S. aureus (15.1%) were also found to be
the two major causative bacteria.5,6 Indeed, these pathogens
result in signiﬁcant hospitalization costs—approximately 150
million UTI cases occur per annum on a global basis with an
estimated cost of around 6 billion US dollars for hospitaliza-
tion in the USA alone.7 Obviously, when several MDR bacterial
species invade at one time, a complicated UTI episode can
occur with the onset of multiple comorbidities.
Invariably in Indian food items, one or other spice or a
selected mixture of spices is used. Furthermore, spices are
used by elite, marginalized, and aborigine masses for ad hoc
health care needs because they are readily available in the
household. However, very few spices are in use speciﬁcally
for an ailment with a systematic modality. Frankly, the use
of most plants in medicine is not scientiﬁcally valid owing
to the lack of pharmacological host toxicity testing of most
drug preparations, particularly concoctions of nonedible plant
extracts. However, Indian conventional spices, with several
essential oils and/or aromatic compounds as unique sec-
ondary metabolites, do not cause host toxicity because they
have been handed down through the generations.
Because the pharmacy world has been committed to intro-
ducing newer drugs for all sorts of health ailments from
well-known, lesser-known, and unknown plant species, it was
intuitive tomonitor a group of commonly used spice plants for
antibacterial activity using UTI-causing bacteria isolated fromclinical samples in the hospital, and in view of the present
commotion in health care as a result of MDR bacteria. This
work is a continuation of our earlier report on the surveil-
lance done for CA and nosocomial surveillance of UTI-causing
bacteria.1–3 In particular, our school has screened a lot of
plants from the Odishan subtropical forest, used by aborigines
for primary health care needs,8 for antimicrobial efﬁcacy with
MDR pathogenic bacteria.9–11 The strive for locating suitable
plants and their pure chemicals for use as antimicrobials or
complementary medicine along with antibiotics for MDR bac-
teria in empiric therapy has been the impetus of this work.
Because the UTI problem is now graver than imagined in soci-
eties of marginalized people in developing countries such as
India, rapid and effective nonmicrobial antimicrobialsmust be
located and used individually or in mixtures of individually
pure compounds along with the routine chemoprophylaxis
followed in mainstream medicine. Such a situation must be,
a priori, prevailing in other developing nations. This work is
a systematic study on the screening of 26 well-known Indian
spices, used bymost inhabitants of Odisha, for the in vitro con-
trol of MDR uropathogens. It is anticipated that the ﬁndings
recorded here would beneﬁt people all over.
2. Materials and methods
2.1. Preparation of plant extracts
Ten grams of a powdered spice sample was dissolved in a 100-
mL aliquot ofmethanol andwas incubated at 4 ◦C for 72hours.
The suspension was ﬁltered and the methanolic ﬁltrate was
concentrated to a sticky mass in a rotary evaporator at 40 ◦C;
themass wasweighed and dissolved in 1mL 10% v/v dimethyl
sulfoxide (DMSO); all spice extracts were stored at 4 ◦C for fur-
ther use.12
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Table 1 – Ethnomedicinal information of 26 spice plants.
Sample no. Plant name Family Local name Parts used Ethnomedicinal uses
1 Amomum aromaticum Zingiberaceae Aleicha Seed Seed is used to treat high acidity, sickness
2 Allium sativum Liliaceae Rasuna Stem Stem is useful in fever, boils, wounds, and skin
diseases
3 Allium cepa Liliaceae Piaja Bark Bark is used to treat diabetes and insect bite
4 Brassica juncea Brassicaceae Sorisha Seed Used for stomach diseases and piles
5 Capsicum annuum Solanaceae Lanka Fruit Fruits are used to cure urinal infection
6 Cinnamomum tamala Lauraceae Tejapatra Leaf Leaf is used as contraceptive and in treatment of
sores, burns, and fever
7 Cinnamomum zeylanicum Lauraceae Dalchini Bark Bark is used to treat pimples and summer boils
8 Coriandrum sativum Apiaceae Dhania Seed Seeds are useful for stomach problems
9 Cucumis melo Cucurbitaceae Magaja manji Seed Seeds are used as an antiseptic, wound healing
agent, and anti-acne treatment
10 Cuminum cyminum Apiaceae Jeera Seed Effective for diarrhea, indigestion, and morning
sickness
11 Curcuma amada Zingiberaceae Ambakasi ada Rhizome Rhizome is used for burning sensations in
genital organs, fever, piles, and urinary
discharges
12 Curcuma longa Zingiberaceae Haladi Rhizome Rhizome is used for fever, skin diseases, high
blood pressure
13 Elettaria cardamomum Zingiberaceae Gujrati Seed Seeds are useful in acidity and stomach
disorders
14 Foeniculum vulgare Apiaceae Panmadhuri Seed Used against stomach pain, diarrhea, and
indigestion
15 Ferula assafoetida Apiaceae Hingu Seed Used against indigestion and toothache
16 Illicium verum Illiciaceae Anasiphul Flower Flowers are used to treat diabetes
17 Mentha spicata Lamiaceae Podina Leaf Used in the treatment of toothache, joint pain,
and muscle pain
18 Murraya koenigii Rutaceae Bhrusanga Leaf Used to treat fever and indigestion
19 Myristica fragrans Myristicaceae Jaiphala Seed Seeds are used to cure headache and
constipation
20 Nigella sativa Ranunculaceae Kala jeera Seed Seeds are used to treat stomach pain
21 Papaver somniferum Papaveraceae Postak dana Seed Seeds are used to treat gastric and stomach
problems
22 Piper nigrum Piperaceae Golmaricha Seed Seeds are used to cure stomach pain and throat
infection
23 Syzygium aromaticum Myrtaceae Labanga Flower bud Used to cure toothache and oral diseases
24 Trachyspermum ammi Apiaceae Juani Seed Seeds are used to cure dysentery, bronchitis, and
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.2. Isolation, identiﬁcation of bacterial strains, and
ntibiotic sensitivity test
wo GPs, S. aureus and E. faecalis, and seven GNs, A. baumannii,
. freundii, E. aerogenes, E. coli (Fig. 1), K. pneumoniae, P. mirabilis,
nd P. aeruginosa, were used in the study. These bacteria were
irectly collected fromurine samples ofUTI patients attending
MS&SumHospital, Bhubaneswar, India, using anappropriate
edium speciﬁc for each bacterium.2,3 Approval of the insti-
utional ethical committee was duly obtained for the use of
linical samples in this work. For antibiotic sensitivity testing
f the bacterial strains, Kirby–Bauer’s disc diffusion method
as used, using a 4-mm thick Mueller–Hinton (MH) agar
edium (HiMedia, Mumbai, India), according to the antibiotic
usceptibility testing standards of the Clinical and Laboratory
tandards Institute guidelines, as described earlier.2,13.3. Antibacterial activity test
ne strain from each bacterial species with resistance to a
aximum number of antibiotics was further examined forcough
Seed Seeds are used for treatment of diabetes
Rhizome Used to treat cough and asthma
antibacterial potentiality of the methanolic spice extracts
using the agar-well diffusion method.11 Antibacterial activi-
ties were evaluated by measuring the diameter of zones of
inhibition after the use of each spice extract; each experiment
was conducted thrice and the results of the third repetition are
presented.No inhibitory effect on anybacteriumwasobserved
with 10% DMSO.
2.4. Determinations of MIC and MBC
The minimum inhibitory concentration (MIC) and minimum
bactericidal concentration (MBC) of each methanolic spice
extract were determined. Original stock solutions of spice
extracts were prepared with methanol, at the concentration
100mg plant extract/mL in 10% DMSO (Merck, Mumbai, India)
solution with distilled water. Each stock solution was diluted
suitably for ﬁnal concentrations of 0mg/mL, 1.562mg/mL,
3.125mg/mL, 6.25mg/mL, 12.5mg/mL, 25mg/mL, 50mg/mL,
and 100mg/mL with the DMSO solution. A separate experi-
ment was conducted for each spice extract. An 80-L aliquot
of each extract dilution was released to a well on a 96-well
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A
n
ti
bi
ot
ic
su
sc
ep
ti
bi
li
ty
re
su
lt
s
of
th
e
se
le
ct
ed
m
u
lt
id
ru
g
re
si
st
an
t
(M
D
R
)o
rg
an
is
m
s.
m
Su
sc
ep
ti
bi
li
ty
to
p
re
sc
ri
be
d
an
ti
bi
ot
ic
s*
A
m
in
og
ly
co
si
d
es
B
et
a-
la
ct
am
s
C
ep
h
al
os
p
or
in
s
Fl
u
or
oq
u
in
ol
on
es
G
ly
co
p
ep
ti
d
es
M
ac
ro
li
d
es
Li
n
c
os
a
m
id
es
Su
lf
on
am
id
es
Sy
n
th
et
ic
s
A
c
G
e
A
k
A
m
O
x
P
Pi
t
C
tr
C
f
O
f
Le
N
x
G
t
Te
i
V
a
E
A
z
C
d
C
ot
C
h
Lz
R
R
R
R
R
R
R
R
R
M
S
R
M
S
R
R
R
R
S
S
R
M
S
R
R
R
R
R
R
R
R
R
R
R
R
R
R
M
S
R
S
R
M
S
M
S
R
S
ni
i
R
R
R
M
S
N
D
R
R
R
R
R
R
M
S
S
R
N
D
R
R
N
D
S
S
S
R
R
R
R
N
D
R
R
R
R
R
R
R
M
S
M
S
N
D
R
M
S
N
D
R
R
S
es
R
R
R
R
N
D
R
R
M
S
S
S
R
R
R
R
N
D
R
M
S
N
D
S
R
S
R
R
S
R
N
D
R
S
S
R
R
R
R
R
S
N
D
R
M
S
N
D
R
R
S
ni
ae
S
R
R
R
N
D
R
R
M
S
M
S
R
R
S
S
R
N
D
M
S
R
N
D
S
S
R
R
R
R
S
N
D
M
S
S
M
S
R
R
S
R
R
R
N
D
R
R
N
D
R
M
S
S
sa
R
R
M
S
R
N
D
R
R
R
R
R
R
R
M
S
R
N
D
R
R
N
D
R
R
S
ic
s
(
g/
d
is
c)
=
A
c,
am
ik
ac
in
30
;
A
k,
am
ox
yc
la
v
30
;
A
m
,
am
p
ic
il
li
n
10
;
A
z,
az
it
h
ro
m
yc
in
15
;
C
d
,
cl
in
d
am
yc
in
2;
C
f,
ce
fp
od
ox
im
e
10
;
C
h
,
ch
lo
ra
m
p
h
en
ic
ol
30
;
C
ot
,
co
-t
ri
m
ox
az
ol
e
25
;
C
tr
,
on
e
30
;
E,
er
yt
h
ro
m
yc
in
15
;
G
e,
ge
n
ta
m
ic
in
10
;
G
t,
ga
ti
ﬂ
ox
ac
in
5;
Le
,
le
vo
ﬂ
ox
ac
in
5;
Lz
,
li
n
ez
ol
id
30
;
O
f,
oﬂ
ox
ac
in
5;
O
x,
ox
ac
il
li
n
1;
P,
p
en
ic
il
li
n
10
;
Pi
t,
p
ip
er
ac
il
li
n
/t
az
ob
ac
ta
m
10
0/
10
;
N
x,
ci
n
10
;T
ei
,t
ei
ch
op
la
n
in
5;
V
a,
va
n
co
m
yc
in
30
.
d
er
at
el
y
se
n
si
ti
ve
;R
,r
es
is
ta
n
t;
S,
se
n
si
ti
ve
.136
(12×8) micro-titer plate, along with a 100-L aliquot of MH
broth (HiMedia), a 20-L aliquot of bacterial inocula [109
colon-forming units (CFU)/mL] and a 5-L aliquot of 0.5%
of 2,3,5-triphenyl tetrazolium chloride (TTC) (Loba Chemie,
Mumbai, India). The micro-titer plate was then incubated at
37 ◦C for 18hours. The development of pink coloration caused
by TTC demonstrated bacterial growth, and the absence of
the pink color indicated the inhibition of growth. The ﬁrst
well of the micro-titer was the control, which contained no
spice extract; the MIC value was noted at this well, where
no color manifested. Furthermore, bacteria from each well
of the micro-titer plate were subcultured on a nutrient agar
plate; the dilution level that caused no bacterial growth on
the nutrient agar plate was considered the MBC value.14
2.5. Qualitative phytochemical analyses
Qualitative analyses using spices were performed for the
following phytochemicals: reducing sugars, anthraquinones,
saponins, ﬂavonoids, steroids/terpenes, tannins, alkaloids,
resins, and glycosides, as detailed previously.10,14,15
3. Results
Ethnomedicinal information on 26 spice plants was recorded
(Table 1). Most of these spices are widely used in India for
different infectious ailments, therefore they are considered
traditional medicine (TM) in the Indian subcontinent. It is
mostly the seeds that are used as food additives.
Antibiotic susceptibility tests of nine UTI-causing bacterial
species were carried out using 21 antibiotics of nine different
groups. TheGP isolatesE. faecalisand S. aureuswere resistant to
16 of the 21 antibiotics used. Among the GN UTI-causing bac-
teria, the resistant patterns were A. baumannii and E. aerogenes
to 12,C. freundii to 14, E. coli to 12,K. pneumoniae to 10, P.mirabilis
to 11, and P. aeruginosa to 15 of the 18 antibiotics used. Antibi-
ograms of nine MDR bacterial strains were recorded (Table 2).
All of the isolated bacterial strains causing UTI were amply
MDR.
Methanolic extracts of 26 spices were tested against nine
MDR bacterial species for antibacterial properties by the
agar-well diffusion method, and the sizes of the zones of
inhibition were recorded (Table 3). The methanolic extract
of Allium cepa had a zone of inhibition of 29mm against S.
aureus and the methanolic extract of Syzygium aromaticum
exhibited an inhibition zone size of 29mm against E. aero-
genes. Furthermore, the most effective 15 spices having at
least 25–29mm as the size of the zone of inhibition were A.
cepa, Brassica juncea, Cinnamomum tamala, Cinnamomum zeylan-
icum, Coriandrum sativum, Cuminum cyminum, Curcuma longa,
Mentha spicata, Murraya koenigii (Fig. 2), Nigella sativa, Papaver
somniferum, Piper nigrum, Syzygium aromaticum, Trachyspermum
ammi, and Trigonella foenum for at least one GP or GNMDR bac-
terial strain. Notably, the three spices that controlled all of the
pathogens used were C. zeylanicum, C. longa, and M. koenigii,
with the highest value of 29mm as the inhibition zone size.
Extracts of the three spices A. cepa, B. juncea, and C. cyminum
controlled one species each, namely P. aeruginosa, E. faecalis,
and P. mirabilis, respectively. Similarly, extracts of the seven
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Table 3 – Antibacterial activities of selected spices by the agar-well diffusion method.
Bacterium Size of inhibition zones by extracts of 26 spices (mm)*
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
E. faecalis 20 — 28 — 19 23 26 — 19 25 23 24 — 22 — 22 — 26 22 — 25 17 27 24 — 23
S. aureus 19 17 29 26 21 26 27 27 — 26 23 25 21 24 — 21 17 27 — — — 19 25 26 25 18
A. baumannii — 17 23 24 22 — 26 26 — 26 23 22 — — 19 19 15 26 — — 19 — 24 — — 18
C. freundii — 18 26 24 22 27 23 — 17 25 21 19 21 19 — — — 23 19 21 — 17 — 24 24 —
E. aerogenes 17 22 21 16 — — 17 21 20 19 — 21 12 13 19 18 28 17 22 23 — 25 29 21 23 23
E. coli — — 22 19 — 17 21 — 19 21 22 26 — — — — — 21 — — — — 21 — — 21
K. pneumoniae — 17 20 22 — 17 26 21 17 22 17 22 12 17 18 17 22 26 12 15 28 22 21 21 21 20
P. mirabilis 17 21 17 22 15 17 17 16 13 — — 19 16 12 21 — 23 17 17 18 19 18 — 18 — —
P. aeruginosa 19 — — 22 23 19 25 — 21 26 23 23 — 15 — 20 19 25 17 26 26 — 20 25 24 19
. Valu
s
F
a
E
c
e
o
m
z
r
A
M
b
P
A
f
w
F
a
C
c
C
s
a∗ Numbers 1–26 are serial numbers of the spice plants given in Table 1
—, no activity.
pices Cinnamomum tamala, Cucumis melo, Curcuma amada,
oeniculum vulgare, Syzygium aromaticum, Trachyspermum ammi,
nd Zingiber ofﬁcinale exhibited control of two pathogens each.
xtracts of six spices, Allium sativum, Capsicum annuum, Illi-
ium verum, Mentha spicata, Myristica fragrans, and Piper nigrum,
xhibited control of three bacterial species each. Thus, a total
f 3 + 6+7=16 spices, as listed above, could be taken as having
oderate control capacity. The detailed data for the sizes of
ones of inhibition for all 26 methanolic spice extracts were
ecorded (Table 3).
MDRstrains of E. faecaliswerenot controlled by eight spices:
. sativum, B. juncea, C. sativum, E. cardamomum, F. assafoetida,
. spicata, N. sativa, and T. foenum; S. aureus was not controlled
y ﬁve spices: C. melo, F. assafoetida, M. fragrans, N. sativa, and
. somniferum; A. baumannii was not controlled by 10 spices:
. aromaticum, C. tamala, C. melo, E. cardamomum, F. vulgare, M.
ragrans, N. sativa, P. nigrum, T. ammi, and T. foenum; C. freundii
as not controlled by eight spices: A. aromaticum, C. sativum,
. assafoetida, I. verum, M. spicata, P. somniferum, S. aromaticum,
nd Z. ofﬁcinale; E. aerogenes was not controlled by four spices:
. annuum,C. tamala,C. amada, and P. somniferum; E. coliwasnot
ontrolled by 15 spices: A. aromaticum, A. sativum, C. annuum,
. sativum, E. cardamomum, F. vulgare, F. assafoetida, I. verum, M.
picata, M. fragrans, N. sativa, P. somniferum, P. nigrum, T. ammi,
nd T. foenum; MDR K. pneumoniae was not controlled by A.
Fig. 2 – The Murraya koenigii plant.es aremeasurements of zone of inhibition due tomethanol extracts.
aromaticum and C. annuum; P. mirabiliswas not controlled by six
spices: C. cyminum, C. amada, I. verum, S. aromaticum, T. foenum,
and Z. ofﬁcinale; P. aeruginosa was not controlled by extracts
of six spices: A. sativum, A. cepa, C. sativum, E. cardamomum, F.
assafoetida, and P. nigrum (Table 3).
MIC and MBC values of methanolic extracts of spices were
evaluated. C. zeylanicum had 1.51mg/mL as the lowest MIC
value and 3.41mg/mL as the lowest MBC value against E. fae-
calis, S. aureus, A. baumannii, C. freundii, K. pneumonia, and P.
aeruginosa, but it had the highest MIC value of 9.63mg/mL and
the highest MBC value of 21.67mg/mL for P. mirabilis. A lower
MIC/MBC value signiﬁes that aminimum amount (lower level)
of spice extract is used, whereas a higher value signiﬁes the
use of a higher amount of spice extract for the control of a
bacterium. Based on MIC and MBC values, the spices could
be arranged in decreasing order of efﬁcacy: C. zeylanicum > M.
koenigii > C. cyminum > C. longa > B. juncea > A. cepa. Among
the bacteria, E. coli, followed by A. baumannii, C. freundii, E.
aerogenes, K. pneumoniae, P. mirabilis, and P. aeruginosa, were
controlled by higher amounts/levels of spice extracts, as evi-
dent from MIC and MBC values. The MIC and MBC values as a
result of the spices for all isolated UTI bacteria are presented
in Table 4.
Qualitative phytochemical analysis was carried out for
all of the plants. The spices C. zeylanicum, M. koenigii, C.
cyminum, C. longa, B. juncea, and A. cepa contained alka-
loids, ﬂavonoids, carbohydrates, terpenoids, steroids, tannins,
resins, and saponins, which could be attributed to the signiﬁ-
cant antibacterial activities that were recorded. The spices A.
aromaticum, A. sativum, C. annuum, C. sativum, C. melo, E. car-
damomum, F. assafoetida, M. fragrans, N. sativa, and P. nigrum
contained limited phytochemicals, and did not register as
having considerable antibacterial activity. The results of phy-
tochemical analysis of all these spices was recorded (Table 5).
4. Discussion
This work substantiates that all isolated uropathogens were
ﬂoridlyMDR. The highest effective spice plants for allMDRUTI
strainswereA. cepa, B. juncea,C. tamala,C. zeylanicum,Cuminum
cyrainum,Cuminumambada,C. longa, S. aromaticum,T. ammi, and
Z. ofﬁcinale.
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Table 4 – MIC and MBC values of selected spices (mg/mL).
Bacterium 1* 2 3 4 5. 6 7 8 9
MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC
E. faecalis 3.41 4.27 — — 1.51 3.41 — — 4.27 9.63 3.41 4.27 1.51 3.41 — — 4.27 21.67
S. aureus 4.27 9.63 9.63 21.67 1.51 3.41 1.51 3.41 3.41 4.27 1.51 3.41 1.51 3.41 1.51 3.41 — —
A. baumannii — — 9.63 21.67 3.41 4.27 1.51 3.41 3.41 4.27 — — 1.51 3.41 1.51 3.41 — —
C. freundii — — 4.27 9.63 1.51 3.41 1.51 3.41 1.51 3.41 — — 1.51 3.41 — — — —
E. aerogenes 9.63 21.67 3.41 4.27 3.41 4.27 4.27 9.63 — — 9.63 21.67 3.41 4.27 3.41 4.27 3.41 4.27
E. coli — — — — 3.41 4.27 3.41 4.27 — — — — 3.41 4.27 — — — —
K. pneumoniae — — 9.63 21.67 3.41 4.27 3.41 4.27 — — 9.63 21.67 1.51 3.41 3.41 4.27 9.63 21.67
P. mirabilis 9.63 21.67 3.41 4.27 9.63 21.67 3.41 4.27 9.63 21.67 9.63 21.67 9.63 21.67 9.63 21.67 9.63 21.67
P. aeruginosa 4.27 9.63 — — — — 3.41 4.27 3.41 4.27 4.27 9.63 1.51 3.41 — — — —
Bacterium 10 11 12 13 14 15 16 17 18
MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC
E. faecalis 1.51 3.41 3.41 4.27 1.51 3.41 — — 3.41 4.27 — — 3.41 4.27 — — 1.51 3.41
S. aureus 1.51 3.41 3.41 4.27 1.51 3.41 3.41 4.27 1.51 3.41 — — 3.41 4.27 9.63 21.67 1.51 3.41
A. baumannii 1.51 3.41 3.41 4.27 3.41 4.27 — — — — 4.27 9.63 4.27 9.63 9.63 21.67 1.51 3.41
C. freundii 1.51 3.41 3.41 4.27 4.27 9.63 3.41 4.27 4.27 9.63 — — — — — — 1.51 3.41
E. aerogenes 4.27 9.63 — — 3.41 4.27 — — — — 4.27 9.63 9.63 21.67 1.51 3.41 3.41 4.27
E. coli 3.41 4.27 3.41 4.27 1.51 3.41 — — — — — — — — — — 3.41 4.27
K. pneumoniae 3.41 4.27 9.63 21.67 3.41 4.27 — — 9.63 21.67 9.63 21.67 9.63 21.67 3.41 4.27 1.51 3.41
P. mirabilis — — — — 4.27 9.63 — — — — 3.41 4.27 — — 3.41 4.27 9.63 21.67
P. aeruginosa 1.51 3.41 3.41 4.27 — — — — 9.63 21.67 — — 3.41 4.27 4.27 9.63 1.51 3.41
Bacterium 19 20 21 22 23 24 25 26
MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC
E. faecalis 3.41 4.27 — — 1.51 3.41 4.27 9.63 1.51 3.41 1.51 3.41 — — 3.41 4.27
S. aureus — — — — — — 9.63 21.67 1.51 3.41 1.51 3.41 1.51 3.41 9.63 21.67
A. baumannii — — — — 4.27 9.63 — — 1.51 3.41 — — — — 9.63 21.67
C. freundii 4.27 9.63 3.41 9.63 — — 9.63 21.67 — — 1.51 3.41 1.51 3.41 — —
E. aerogenes 3.41 4.27 3.41 9.63 — — 1.51 3.41 1.51 3.41 3.41 4.27 1.51 3.41 3.41 4.27
E. coli — — — — — — — — 3.41 4.27 — — — — 3.41 4.27
K. pneumoniae 9.63 21.67 9.63 21.67 1.51 3.41 3.41 4.27 3.41 4.27 3.41 4.27 3.41 4.27 3.41 4.27
P. mirabilis 9.63 21.67 4.27 9.63 4.27 9.63 4.27 9.63 — — 9.63 21.67 — — — —
P. aeruginosa 9.63 21.67 1.51 3.41 1.51 3.41 — — 9.63 21.67 1.51 3.41 1.51 3.41 3.41 4.27
∗ Numbers 1–26 are the serial numbers of spice plants given in Table 1.
Values are measurements of minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) due to methanol extracts.
—, no activity.
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Table 5 – Qualitative phytochemical analysis of methanolic extracts of spices.
Sample no. Spice Alkaloids Resins Glycosides Terpenoids Carbohydrates Tannins Flavonoids Steroids
1 A. aromaticum — + + — + — — —
2 A. sativum + + — + + — — +
3 A. cepa + — + + + + + +
4 B. juncea + + + — + + + +
5 C. annuum — + — + + + + +
6 C. tamala — + + + + — — +
7 C. zeylanicum — + + — + + + +
8 C. sativum — + + — + — — +
9 C. melo — + — + + + — +
10 C. cyminum — — — + — + + —
11 C. amada + + + — + + + +
12 C. longa — + — + + + — +
13 E. cardamomum + + — — + — — +
14 F. vulgare + + — — + — — +
15 F. assafoetida + + — — + — — +
16 I. verum + + — — — — + —
17 M. spicata — + + + + + — +
18 M. koenigii + + — + + + + +
19 M. fragrans + + — — + + + —
20 N. sativa — + + + + — — +
21 P. somniferum + — — — + + + —
22 P. nigrum — — + + + + — +
23 S. aromaticum + + — + — + — +
24 T. ammi + + + — + — + +
25 T. foenum + + — + — + — +
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+, Present; —, absent.
The vast majority of medicinal plants cannot yet be manu-
actured economically and are still obtained from the wild or
ultivated. Furthermore, compounds (muscarine, physostig-
ine, cannabinoids, yohimbine, forskolin, colchicines, and
horbol esters) acquired from plants are important tools used
n pharmacological, physiological, and biochemical studies.16
everal phytochemicals have been developed and evaluated
nd ﬁnd their own places as pharmaceutical agents. Phyto-
hemicals are generally considered safe because they have
raditional uses in ethnic medicine. Nevertheless, certain
hytochemicals also have both known and unknown toxic
ffects on the human body.17 Obviously, the drug-targeting
ndeavor of certain phytochemicals obtained from nonedi-
le plants needs due host toxicity testing in animal systems
nd mammalian cell lines prior to using in humans. More-
ver, plant-based antimicrobials have enormous therapeutic
otentials, as seen in the literature published to date.18 Fur-
hermore, phytochemicals usually have multiple beneﬁcial
ffects, often acting beyond symptomatic treatment of dis-
ases. For example, Hydrastis canadensis (orange root) has not
nly antimicrobial activity but also increases blood supply to
he spleen to release curative compounds.19
Antimicrobial herbal drugs show promising marketing
otential because bacterial resistance to phyto-antimicrobials
ould never be as fast as that witnessed with antibiotics
nd pure-chemical drugs, owing to the fact that each crude
lant extract is a combination of diverse types of phyto-
hemicals. Secondly, bacterial resistance is achieved for 70S
ibosome or blocking at the cell membrane level in bacte-
ia, and the bacterial cell producing the antibiotic is resistant
o its own antibiotic in a mechanism that could be easily+ + + + +
achieved by the sensitive target bacterium. The antimicro-
bial activity of plants involves diverse molecular mechanisms
because diverse phytochemicals in crude form would have
differentmechanisms of toxicity to bacteria; prokaryotes (bac-
teria) may have limited mechanisms for breaking down the
panoply of phytocompounds encountered in vivo. By contrast,
plant extracts, tantamount to a large armamentarium, would
provide a holistic approach towards toxicity to pathogens.20
An example of a top-selling antimicrobial in the US herbal
market is H. canadensis, which has been used by Native Amer-
icans and is in cultivation to supply the demands for its herbal
products.21 Furthermore, leaves of Cassia ﬁstula (Indian labur-
num) are gaining importance in the market as an ingredient
in the preparation of purgatives—the information originated
from IndianVedic and folklore literature. In the 1840s, German
researchers examined the role of European Oxycoccus palustris
(cranberry) on UTIs. The urine of people who consumed cran-
berries had the chemical hippuric acid, which acidiﬁes urine,
thereby preventing infection. However, the chemical failed to
show that it increased urine acidity enough to prevent infec-
tion. Today, studies are again being undertaken in addressing
the relationship between cranberries and a healthy urinary
tract, focusing on a different action: the potentiality of cran-
berry leaves to keep bacteria from attaching to urinary tract
walls.
Patients of diverse ethnic groups without the minimum
level of education, as in certain regions of developing coun-
tries, often neglect UTIs and take them to be curable by
deliberate cleanliness. A UTI may appear as a trivial problem
initially, but unbeknown to one it has a retinue of comor-
bidities that could lead to fatality from secondary infections.
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Table 6 – Antibacterial compounds of two spices, cinnamon and turmeric.
Plant source Chemical name Structure
Cinnamomum zeylanicum
(cinnamon)
1. Cinnamic aldehyde
MF: C9H8O
MW: 132.15922 [g/mol]
PubChem ID: CID 637511
Curcuma longa
(turmeric)
1. -Phellandrene
MF: C10H16
MW: 136.23404 [g/mol]
PubChem ID: CID 7460
2. 4-Hydroxybenz aldehyde
MF: C7H6O2
MW: 122.12134 [g/mol]
PubChem ID: CID 126MF, molecular formula; MW, molecular weight.
However, the traditional clandestine medicinal system of eth-
nic masses does not have any curative drug for the problem.
The myriad of phytodrugs are often known for their preven-
tive roles in health care, for which the elite in society use
them. Consequently, many a concoction is sold on market
shelves, notwithstanding the approval of those preparations
by pharmacists. Traditional knowledge on the use of plants is
the basis for their use as traditional medicine; the concept
of complementary and alternative medicine has therefore
emerged. After all, many safe and efﬁcacious drugs in crude
plant preparations languish without proper attention being
focused on them as microbial control agents; at the same
time, the development of suitable antimicrobials is central to
the endeavor for the control of MDR bacterial pathogens.22
For a litany of preventive medicinal plant extracts, curative
drugs are to be harnessed. For this purpose, fractional iso-
lation with the available range of organic solvents should
be done, and then fractions of plant extracts should be pur-
sued for microbial bioassay work with the frequently isolated
MDR bacteria. Themost effective phytocompounds, with their
repertoire of pharmacognosy, could be isolated and puriﬁed
with great ﬁnesse. The preventive characteristics of medici-
nal plants could be prudently exploited for the development
of antimicrobials along with other drugs in trials for possi-
ble use in curative medicine. Indeed, the partially poisonous
plants Lantana camara,14 Argemone Mexicana,18 and timber-leaf
extracts23 had remarkable antimicrobial activities in control-
ling MDR bacterial pathogens, especially those isolated from
urine samples of UTI patients.Methanolic extracts of the two spice plants C. zeylanicum
and C. longa were seen to be highly effective in this study
in controlling most MDR strains of bacterial isolates. The
volatile oil of C. zeylanicum was reported to contain 91.5%
cinnamic aldehyde,24 which speciﬁcally could be used for
the development of adjuvant/complimentary medicine after
due veriﬁcation of the synergistic interaction of the chemical
and a moribund antibiotic (resistant to most bacteria), sim-
ilar to the synergy work that had been reported for a MDR
P. aeruginosa strain resistant to ceftriaxone and the extract of
the lesser-known plant Combretum albidum, whose absence of
host toxicitywas also veriﬁed.25 Furthermore, C. longahas sev-
eral cytotoxic and antimicrobial phytocompounds,21 but the
antibacterial properties of leading/individual compounds of
this plant for any MDR bacteria have not yet been systemat-
ically pursued. However, the chemical structures, molecular
formulae, and molecular weights of the three leading com-
pounds, which have probable antimicrobial activity, from
these two plants were retrieved from the PubChem database
(Table 6).
In conclusion, it can be stated that 16 of 26 Indian spice
plants have been seen in this study as effective control agents
for pathogenic bacteria in vitro. These could serve as potential
sources of nonmicrobial antimicrobials in the crusade against
MDR bacteria if we lean towards herbal drugs. The disregard
of phyto-drugs by some researchers should now be consid-
ered an unreasonable andmisguided notion given the present
alarm in public health regarding bacterial infections and mul-
tidrug resistance.
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